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[57] ABSTRACT 
A steering wheel position compensator of a fully hy 
draulic steering device for working vehicle, etc. In a 
fully hydraulic power steering device provided with a 
steering unit (30) operated by a steering wheel (H) and 
a hydraulic circuit connecting steering cylinders (D, E) 
that turn the car body, a sensor (110) that detects the 
turning angle of the steering wheel, a sensor (120) that 
detects the turning angle of the car body, a controller 
(101) that compares the outputs of these two sensors to 

' actuate a steering wheel position deviation compensa 
tion solenoid valve (50) in accordance with the differ 
ence between the outputs of these sensors, a compensa 
tion flow distribution valve (60) that branches off the 
steering wheel position compensation oil from a steer 
ing pump circuit to the solenoid valve (50), and a com 
pensation circuit closing valve (40) that closes the drain 
port of the pilot hydraulic circuit of the flow distribu 
tion valve (60) only when the steering wheel is operated 
by a driver and allows the flow distribution valve (60) 
to supply the compensation oil to the solenoid valve 
(50), are provided. 

3 Claims, 8 Drawing Sheets 
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STEERING WHEEL POSITION COMPENSATOR 
OF FULLY HYDRAULIC STEERING SYSTEM 

TECHNICAL FIELD 

The present invention relates to a steering system of a 
vehicle such as a wheel loader, a forklift truck and the 
like, particularly to a fully hydraulic steering device 
having no mechanical links capable of preventing the 
deterioration of a steering operation property caused by 
gradual deviation of the steering wheel position when 
the vehicle travels straight and adapted for compensat 
ing deviation of the steering wheel position caused by 
frequent turning of the steering wheel. 

BACKGROUND TECHNOLOGY 

A conventional fully hydraulic steering system is 
illustrated in FIG. 8. 

In the same ?gure, when a steering wheel H is oper 
ated from a straight position Hz to a left turning direc 
tion H1 or a right turning direction H3, a directional 
control valve b is switched from a straight position b; to 
a left turning position b; or a right turning position b3 so 
that a pressurized oil from a hydraulic pump A flows 
through a steering ?ow control valve B, the directional 
control valve b and a metering unit C and then returned 
to the directional control valve b. The pressurized oil 
thus returned to the directional control valve b enters a 
head side Dh of a left steering cylinder D and a bottom 
side Eb of a right steering cylinder E, in case of turning 
the steering wheel leftward and enters a bottom side Db 
of a left steering cylinder D and a head side Eh of a 
right steering cylinder E in case of turning the steering 
wheel rightward so that bodies F and G are turned 
relative to each other. The pressurized oil which en 
tered the left steering cylinder D and the right steering 
cylinder E are returned to a tank T through the direc 
tional control valve b. In the same ?gure, designated at 
C is a working valve and P1, P; as shown by two dotted 
chain lines illustrate that the directional control valve b 
and the metering unit 0 are operated by a steering wheel 
H. 

In the conventional fully hydraulic steering system, 
since the steering wheel position is deviated due to 
leakage of internal oil in each hydraulic circuit, there is 
disclosed such a technique to compensate the position 
deviation as disclosed in Japanese Patent Laid-open 
Publication No. 60-261779. This technique is summa 
rized as follows. The steering wheel position deviation 
is compensated by calculating a difference between an 
output of a steering wheel turning angle detecting 
means and an output of a steering cylinder stroke de 
tecting means by a controller supplying a compensation 
signal to a solenoid operated directional control valve 
when an output difference therebetween exceeds a 
given value, draining oil from a drain oil line and racing 
the steering wheel so that the steering wheel position 
may match with the steering cylinder stoke. 
However, there were the following serious problems 

in the conventional steering wheel position compensa 
tor. 

(1) In case that the compensation operation is carried 
out when the position deviation occurred, the oil sup 
plied from a steering unit (combination of the direc 
tional control valve b and the metering unit c as denoted 
in FIG. 8) to a steering cylinder'is drained and a steering 
wheel is raced and compensated in the position. As a 
result, since the steering wheel is raced while the steer 
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2 
ing cylinder is not operated, a dead zone thereof in 
creases so that there was a likelihood of occurring me 
andering when the car body travels straight. 

(2) There occurred the inconvenience that the com 
pensation was not effective when the steering wheel 
position is gradually deviated when the steering wheel 
is pressed by hands of an operator just before the direc 
tional control valve of the steering unit is operated as 
denoted b in FIG. 8 so as to prevent the car body from 
deviating slightly leftward or rightward when the car 
body travels straight. 

It is therefore an object of the present invention to 
provide a steering wheel position compensator solving 
the problem of the conventional steering wheel position 
compensator of fully hydraulic steering system, improv 
ing the operation property and assuring reliability and 
safety with low cost. 

DISCLOSURE OF THE INVENTION 

To achieve the above object, the present invention is 
to provide a fully hydraulic steering system equipped 
with a steering wheel position compensator, comprising 
a sensor for detecting the turning angle of a steering 
wheel, a sensor for detecting the turning angle of the 
car body, a controller for comparing outputs of these 
two sensors to actuate a steering wheel position devia 
tion compensation solenoid valve in response to the 
difference of these outputs, a compensation ?ow distri 
bution valve for branching off a steering wheel position 
deviation compensation oil from a steering pump circuit 
and a compensation circuit closing valve that closes a 
drain port of the pilot hydraulic circuit of the ?ow 
distribution valve only when the steering wheel is oper 
ated by a driver and allows the flow distribution valve 
to supply the compensation oil to the solenoid valve. 
With such an arrangement, when the steering wheel 

position deviation occurred in the entire range of the 
turning angle of the car body, i.e., the range covering 
from the leftward maximum turning angle to the right 
ward maximum turning angle, the deviation compensa 
tion oil is supplied from the steering wheel position 
deviation compensation solenoid valve toward the posi 
tion compensation direction, thereby compensating the 
steering position deviation. 
The steering wheel position deviation is also compen 

sated even in the case where the steering unit does not 
supply the pressurized oil, the deviation compensation 
oil is supplied to a line between the steering unit and the 
steering cylinder. However, when the controller or the 
steering wheel position deviation compensation valve is 
broken and the steering wheel is not turned, the com 
pensation circuit closing valve stops the flow of the 
deviation compensation oil at the flow distribution 
valve so that the safety is assured. 
The fully hydraulic steering system according to 

another aspect of the present invention comprises a 
sensor for detecting the turning angle of the steering 
wheel, a sensor for detecting the turning of the angle of 
the car body, a controller for comparing the outputs of 
two sensors so as to actuate the steering wheel position 
deviation compensation solenoid valve whereby the 
deviation compensation oil is not supplied to the steer 
ing cylinders due to a load sensing function of a load 
sensing line of the steering flow control valve even if 
the controller issues a compensation signal when the 
driver does not turn the steering wheel. With such an 
arrangement, the compensation ?ow distribution valve 
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and the compensation circuit closing valve are unneces 
sitated, which results in further reduction of the manu 
facturing cost. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a hydraulic circuit diagram of a fully hy 
draulic steering system equipped with a steering wheel 
position compensator according to a ?rst embodiment 
of the present invention; 
FIG. 2 is a hydraulic circuit diagram of a fully hy 

draulic steering system equipped with a steering wheel 
position compensator according to a second embodi 
ment of the present invention; 
FIG. 3 is a ?owchart showing an operation of a con 

troller; 
FIG. 4 is a graph showing the relation between a 

compensation direction of a target turning angle of a car 
body and an actual turning angle of the car body; 
FIG. 5 is a hydraulic circuit diagram of a main por 

tion of the steering wheel position compensator of fully 
hydraulic steering system according to the present in 
vention as illustrated in FIGS. 1 and 2 wherein the 
turning direction of a steering wheel is reverse to the 
compensation direction; 
FIG. 6 is a graph showing the relation in detail which 

is illustrated in FIG. 4; 
FIG. 7 is a graph showing the relation in detail be 

tween the compensation direction and the actual tum 
ing direction of the steering wheel which is illustrated in 
FIG. 5; and 
FIG. 8 is a circuit diagram of a conventional steering 

wheel position compensator of fully hydraulic steering 
system. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

FIG. 1 is a hydraulic circuit diagram showing a steer 
ing wheel position compensator of fully hydraulic steer 
ing system according to a ?rst embodiment of the pres 
ent invention. 

In FIG. 1, the steering wheel H, the directional con‘ 
trol valve 10, the metering unit 20 (a steering unit 30 is 
composed of the directional control valve 10 and the 
metering unit 20) and a compensation circuit closing 
valve 40 are connected to one another by two dotted 
and one dash lines X1, X2, X3, X4, X5, X6 and X7 and 
respectively controlled by the steering wheel H. 

Designated at 50 is a steering wheel position devia 
tion compensation solenoid valve, 60 is a compensation 
?ow distribution valve, 901, 902, 91, . . . , 100 are hy 
draulic pipes, 102, 103, 104, 105 are electric wires, 110 is 
a sensor for detecting the turning angle of the steering 
wheel and 120 is a sensor for detecting the turning angle 
of the car body. 
An operation of the steering wheel position compen 

sator according to the ?rst embodiment of the present 
invention will be described hereinafter. 
The operation of the compensation circuit closing 

valve 40 is ?rst described. When the rotation of the 
steering wheel H is stopped, i.e. the steering wheel is 
not rotated, a spool 401 and sleeves 402, 403, 404 are 
centered by springs 42 and 44 provided at both ends of 
the sleeves 402 and 404 and the pressurized oil passed 
through a pilot hydraulic circuit 92 connected to the 
compensation flow distribution valve 60 is drained from 
the small hole of the spool 40] and a small hole of the 
sleeve 403, the spools 601 and 602 of the compensation 
flow distribution valve 60 are positioned at the spool 
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4 
601 by the pressurized oil supplied from the hydraulic 
pipe 901 and substantially all the discharged oil from the 
pump A is supplied to the steering wheel, flow control 
valve B excepting the very small amount of the oil 
drained from the pilot hydraulic circuit 92. Accord 
ingly, the steering wheel position is not compensated 
even if the steering wheel position deviation compensa 
tion solenoid valve 50 is positioned at a right compensa 
tion position 501 or a left compensation position 503. 
That is, it is possible to operate the steering wheel 

even if the steering wheel position deviation compensa 
tion solenoid valve 50 does not work while it is posi 
tioned at the right compensation position 501 or the left 
compensation position 503. The operation of the com 
pensation circuit closing valve 40 is summarized as 
follows. It is possible to prevent the car body from 
turning against the intention of the driver because the 
compensation oil is supplied to the steering wheel posi 
tion deviation compensation solenoid valve 50 only 
when the driver turns the steering wheel and the com 
pensation oil is not supplied to the steering wheel posi 
tion deviation compensation solenoid valve 50 when the 
driver does not operate the steering wheel. 
‘The operation of the compensation circuit will be 

described with reference to the ?owchart showing the 
control by the controller 101 as illustrated in FIG. 3. 

Step 1: detecting the turning angle 0110f the steering 
wheel by the sensor 110 for detecting the turning angle 
of the steering wheel and supplying the detected steer 
ing angle to the controller 101. 

Step 2: calculating a target turning angle of the body 
OFbased on the detected steering angle 0}; of the steer 
ing wheel. 

Step 3: detecting an actual turing angle of the car 
body 61:’ by a sensor 120 for detecting the turning angle 
of the car body and supplying the detected angle to the 
controller 101. 

Step 4: detecting the difference A0 between the target 
turning angle 91: of the car body and the actual turning 
angle 6pof the car body. It is expressed as follows. 
A6=0p-0p. 

Step 5: comparing the deviation A0 and a permissible 
deviation 5 of the turning angle of the car body to deter 
mine the necessity of the compensation and the direc 
tion of the compensation (also refer to FIGS. 4 and 6). 

Step 6: turning the car body leftward by positioning 
the steering wheel position deviation compensation 
solenoid valve 50 in the left compensation position since 
the deviation is greater than the upper limit of the per 
missible deviation if the formula A0>8 is established. 

Step 7: not compensating the deviation since it is 
within the permissible deviation if the formula 

is established. 
Step 8: turning the car body rightward by positioning 

the steering wheel position deviation compensation 
solenoid valve 50 in the right compensation position 
since the deviation is greater than the lower limit of the 
permissible deviation limit if the formula —8>A0 is 
established. 

In case that the turning angle of the steering wheel is 
reverse to that of the compensation angle as illustrated 
in FIGS. 5 and 7, the compensation oil supplied from 
the steering wheel position deviation compensation 
solenoid valve 50 to the steering wheel cylinders D and 
E are all drained from the steering unit 30. As a result, 
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there is no likelihood that the car body is turned in the 
direction reverse to the turning direction of the steering 
wheel H. 

Furthermore, since the oil discharged from the steer 
ing uriit 30 is partly drained from the steering wheel 
position deviation compensation solenoid valve 50, the 
steering wheel H is further turned relative to the turn 
ing amount of the car body which results in compensat 
ing the deviation. 
The compensation circuit closing valve 40 can be 

provided apart from the steering unit 30 or incorporated 
into the steering unit 30. 
FIG. 2 is the hydraulic circuit diagram of the fully 

hydraulic steering system equipped with the steering 
wheel position compensator according to the second 
embodiment of the present invention. 
The numerals of the components of the hydraulic 

steering system according to the second embodiment 
are the same as those of the ?rst embodiment and the 
detailed explanation thereof is omitted. 

In FIG. 2, the-steering wheel H, the directional con 
trol valve 10, and the metering unit 20 (a steering unit 30 
is composed of the directional control valve 10 and the 
metering unit 20) are connected to one another by two 
dotted and one dash lines X1, X2, X3 and X4 and respec 
tively controlled by the steering wheel H. 

Designated at 80 is a load sensing line of a steering 
wheel ?ow control valve B, 50 is the steering wheel 
position deviation compensation solenoid valve, 60 is 
the compensation ?ow distribution ori?ce ?owmeter, 
901, 902, 93, 95, 96, 97, 98, 99, 100 are hydraulic pipes, 
102, 103, 104 are electric wires, 110 is the sensor for 
detecting the turning angle of the steering wheel and 
120 is the sensor for detecting the turning angle of the 
car body. 
The operation of the compensation circuit according 

to the second embodiment is the same as that of the ?rst 
embodiment as shown in FIG. 1. 
When the steering handle H is not turned according 

to the second embodiment, the compensation oil is not 
supplied to the steering cylinders because of the load 
sensing function of the load sensing line 80 of the steer 
ing wheel flow control valve B even if the controller 
101 issues the compensation signal, which is simpler 
according to the second embodiment. That is, the safety 
is maintained since the compensation is not made when 
the steering wheel is positioned at the neutral position. 
Furthermore, the structure of the controller is simpli 
?ed as set forth hereunder and the manufacturing cost is 
sharply reduced. 

(1) The compensation ?ow distribution valve 60 is 
unnecessary. 

(2) Compensation circuit closing valve 40 is also un 
necessary. 

(3) The compensation solenoid valve 50 can have 
four ports instead of ?ve ports. 

INDUSTRIAL UTILIZATION 

As mentioned above, according to the present inven 
tion, it is possible to solve the problem wherein the 
operation property of the steering wheel is deteriorated 
because of the deviation of the steering wheel position 
by insensible degrees during the straight traveling of the 
car body. Furthermore, also in case of frequent turning 
of the steering wheel rightward and leftward, it is possi 
ble to solve the problem in that the state where the 
steering wheel position is deviated lasts since the tum 
ing angle of the steering wheel is always compared with 
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6 
the turning angle of the car body and compensated in 
accordance with the deviation amount when the steer 
ing wheel position is deviated. Still furthermore, the 
deviation compensation operation does not hinder the 
normal steering operation. 

Since the compensation circuit closing valve can be 
incorporated into the steering unit, additional space is 
unnecessary with low cost and high reliability. 
When the steering wheel is not turned in case that the 

controller or the steering wheel position deviation com 
pensation solenoid valve 50 are out of order, the com 
pensation circuit closing valve 40 checks the deviation 
compensation oil by the compensation flow distribution 
valve 50, thereby solving such a problem that the car 
body is naturally turned even if the steering wheel is not 
turned, which involves the safety of the car body. 
When the driver does not turn the steering wheel, the 

compensation oil is not supplied because of the load 
sensing line function of the steering wheel flow control 
valve B even if the controller 101 issues the compensa 
tion signal, which results in removing the compensation 
?ow distribution valve 60 or the compensation circuit 
closing valve 40. As a result, the structure of the present 
system can be simpli?ed, which involves a reduction of 
the manufacturing cost. 
We claim: 
1. A fully hydraulic steering system equipped with a 

hydraulic circuit for connecting a steering unit operable 
by a steering wheel to a steering cylinder for turning a 
car body, the steering system comprising: 

a sensor for detecting a turning angle of the steering 
wheel; 

a sensor for detecting a turning angle of the car body; 
a controller for comparing outputs of these two sen 

sors to actuate a steering wheel position deviation 
compensation solenoid valve in accordance with 
the difference between the outputs of these sensors; 

a compensation ?ow distribution valve for supplying 
hydraulic oil from a steering pump to the steering 
wheel position deviation compensation solenoid 
valve; and 

a compensation circuit closing valve for closing a 
drain port of a pilot hydraulic circuit of the com 
pensation ?ow distribution valve only when the 
steering wheel is operated by a driver thereby al 
lowing the compensation ?ow distribution valve to 
supply the hydraulic oil to the steering wheel posi 
tion deviation compensation solenoid valve. 

2. A fully hydraulic steering system equipped with a 
hydraulic circuit for connecting a steering unit operable 
by a steering wheel to a steering cylinder for turning a 
car body comprising: 

a ?rst sensor means for detecting a turning angle of 
the steering wheel; 

a second sensor means for detecting a turning angle of 
the car body; 

a controller for comparing outputs of the ?rst and 
second sensor means; 

a steering wheel position deviation compensation 
solenoid valve for responding to the controller in 
accordance with the difference between the out 
puts of the ?rst and second sensor means, the steer 
ing wheel position deviation compensation sole 
noid valve supplying hydraulic oil to the steering 
cylinder when actuated; 

a steering wheel flow control valve for controlling 
the flow of the hydraulic oil to the steering wheel 
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position deviation compensation solenoid valve 
and to the steering unit; and 

means coupled between the steering unit and the 
steering wheel ?ow control valve for preventing 
the hydraulic oil from being supplied to the steer 
ing cylinder via the steering wheel position devia 
tion compensation solenoid valve even if a com 
pensation signal is issued by the controller when 
the steering wheel is not turned by a driver. 

3. A fully hydraulic steering system equipped with a 
hydraulic circuit for connecting a steering unit operable 
by a steering wheel to a steering cylinder for turning a 
car body, the steering system comprising: 

a ?rst sensing means for detecting a turning angle of 
the steering wheel; 

a second sensing means for detecting a turning angle 
of the car body; 
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8 
a controller for comparing outputs of the ?rst and 

second sensing means, the controller including 
means for actuating a steering wheel position devi 
ation compensation solenoid valve in accordance 
with the difference between the ?rst and seconds 
sensing means; 

a ?ow distribution valve for supplying hydraulic oil 
from a hydraulic pump to the steering wheel posi 
tion deviation compensation solenoid valve, the 
compensation ?ow distribution valve including a 
pilot hydraulic circuit having a drain port; and 

a closing valve for closing the drain port when the 
steering wheel is operated by a driver thereby al 
lowing the ?ow distribution valve to supply the 
hydraulic oil to the steering wheel position devia 
tion compensation solenoid valve. 

1 i i i ‘K 


